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The IEEE Standard on Transitions, Pulses, and
Related Waveforms, Std-181-2003

Nicholas G. Paulter, D. R. Larson, and Jerome J. Blair

Abstract-The IEEE has written a new standard on pulse tech-
niques and definitions to replace the withdrawn standards IEEE
Std-181-1977 and Std-194-1977. The new Std-181-2003 combines
information from both of these withdrawn standards. Relative to
the withdrawn standards, the new standard has incorporated new
definitions, deleted and clarified previous definitions, provided
examples of different waveform types, updated text to reltect
electronic computation methods, and incorporated algorithms
for computing waveform parameters. This paper introduces
Std-181-2003 by describing its contents and changes relative to
the withdrawn standards.

Index Terms-Aberrations, IEEE Standard, overshoot, pulse
amplitude, pulses, transition duration, transitions, undershoot,
waveforms.

I. INTRODUCTION

T HE Subcommittee on Pulse Techniques (SCOPT) [1] of
the IEEE Technical Committee 10 (TC-IO, Waveform

Measurement and Analysis) has, since 1996, been in the process
of writing a new standard on terms, definitions, and algorithms
for describing and computing waveform parameters that is
based on two withdrawn IEEE standards: IEEE STD-181-1977,
Stalldard on Pulse Measuremellt and Analysis by Object Tech-
Iliques [2], and IEEE-STD-194-1977, Stalldard Pulse Terms
and Definitions [3]. These withdrawn IEEE standards were
adopted in 1987 by the International Electrotechnical Com-
mission (IEC) and are the IEC 60469-2, Pulse Techniques and

Apparatus, Part 2: Pulse Measurement and Analysis, General
Consideratiolls [4], and IEC 60469-1, Pulse Techniques alld
Apparatus, Part J: Pulse Terms alld Definitions [5].

The purpose of the new standard is to facilitate accurate and
precise communication concerning parameters of transition,
pulse, and related waveforms and the techniques and proce-
dures for measuring them. Because of the broad applicability
of electrical pulse technology in the electronics industries (such
as computer, telecommunication, and test instrumentation
industries), the development of unambiguous definitions for
pulse terms and the presentation of methods and/or algorithms
for their calculation is. important for communication between
manufacturers and consumers within the electronics industry.
The availability of standard terms, definitions, and methods for

Manuscript received June 15, 2003; revised April 5, 2004. This work was
supported by the U.S. Department of Energy, National Nuclear Security Ad-
ministration, Nevada Operations Office, under Contract DE-AC08-96NV 1178.

N. G. Paulter and D. R. Larson are with the Applied Electrical Metrology
Division, National Institute of Standards and Technology, Gaithersburg, MD
20899 USA.

J. J. Blair is with Bechtel Nevada. Las Vegas, NV 89193 USA.
Digital Object Identifier 10.1 l09ffiM.2004.83 1470

their computation helps improve the quality of products and
helps the consumer better compare the performance of different
products. Improvements to digital waveform recorders have
facilitated the capture, sharing, and processing of waveforms.
Frequently, these waveform recorders have the ability to
process the waveform internally and provide pulse parameters.
This process is done automatically and without operator inter-
vention. Consequently, a standard is needed to ensure that the
definitions and methods of computation for pulse parameters
are consistent.

The SCOPT is comprised of an international group of elec-
tronics engineers and physicists with representatives from na-
tional metrology laboratories, national science laboratories, the
test instrumentation industry, and academia. The SCOPT meets
two to three times a year to discuss terms describing waveform
parameters, the definitions of these terms, and, if appropriate,
algorithms for calculating values for those parameters. Inter-
ested knowledgeable parties are welcomed and encouraged to
participate in future reviews and amendments to the standard
and should do so by contacting the IEEE TC-I 0 chairman (see
Section V for further information).

The new standard contains approximately 100 definitions.
The purpose of this paper is to introduce the new IEEE standard
by extracting the key and most technologically important terms
and presenting their definitions and associated algorithms,
if available. The most basic terms are given in Section II.
Section III provides definitions of some waveform parameters,
and Section IV contains some algorithms for finding the most
frequently measured waveform parameters. Further discussion
of this standard can be found in [6]. In Sections II-IV, the term
to be discussed is provided in bold-face type and followed
immediately by the definition of the term as taken from the
Standard (within quotations). After the definition, a brief
description of the term is given. References to clauses herein
are references to clauses in the Standard.

II. BASIC WAVEFORM TERMS

The basic terms typically do not have an associated algorithm
as they are more descriptive.

S.gnal-"A signal is a physical phenomenon that is a func-
tion of time." This describes what is being measured and, as will
be seen, is distinguished from a waveform.

Waveform-"A waveform is a representation of a signal (for
example, a graph, plot, oscilloscope presentation, discrete time
series, equations, or table of values). Note that the term wave-
form refers to a measured or otherwise-defined estimate of the

0018-9456/04$20.00 e 2004 IEEE



1210 IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, VOL. 53. NO.4, AUGUST 2004

I
50% Referencelevel Instant I

I

I I
10% Reference level Instant I 90% Reference level Instant I

I I I .-.
s2'---A I ~- - t

I - - - - - -.90%Referencelevel---I
I I
I I I
I I I
I I I
I I I

I I- rl - -- - - - .50%Referencelevel--- J
I I
I I I
I I I
I I I
I I I
I I I
I I I

-r-, 10%Referencelevel--,_J__~--L ~---Ik--I, ~ 'i' I
TransitionOccurrenceInstant - -~ . I I

I TransitionDuration O~set I
I II~_ i

I
;>~

Transit'ion Amplitude

Base State- - --

--" -. ~~-------
Waveform Epoch

to

Fig. I. Positive-going transition.

physical phenomenon or signal." Waveforms (see Fig. I) are
the things that are actually obserVed, acquired, and analyzed.
The base state of a step-like waveform is a user-specified state
that, unless otherwise specified, is the state that possesses a level
closest to zero. The offset is the algebraic difference between
two specified levels, such as the base state and 81 (see Fig. 1).
The transition amplitude, or transition waveform amplitude, is
the difference between the two state levels of a transition wave-

form (see "waveform amplitude" in Section IV).
Compound Waveform-"A waveform which may be com-

pletely represented by m states and n transitions where (m +
n) ~ 4. Any compound waveform can be parsed into n two-
state waveforms." Compound waveforms are any waveforms
that consist of more than two states, a high state and a low state,
and more than one transition. Clause 5.5 of the Standard pro-
vides an algorithm for separating the waveform into a series of
two-state waveforms from which all the defined parameters may
be computed.

Pulse Waveform-"A waveform whose level departs from
one state, attains another state, and ultimately returns to the
original state (see Fig. 2). As defined here, a pulse waveform
consists of two transitions and two states. Alternatively, a pulse
waveform can be described as a compound waveform consisting
of the sum of a positive (negative) step-like waveform and a
delayed negative (positive) step-like waveform both having the

same unsigned waveform amplitude." A pulse waveform is a
compound waveform because it consists of two states and two
transitions: a negative-going and a positive-going transition. In
addition to being defined as a compound waveform, the Stan-
dard provides the above definition for a pulse waveform because
it is one of the most commonly used compound waveforms. The
pulse center instant is the average of two instants used to calcu-
late the pulse duration. The pulse amplitude, or pulse waveform
amplitude, is the difference between the two state levels of a
pulse waveform (see "waveform amplitude" in Section IV).

Transition-"Contiguous region of a waveform that con-
nects, either directly or via intervening transients, two state
occurrences that are consecutive in time but are occurrences

of different states." Transitions, in conjunction with states,
comprise a waveform.

Negative-Going Transition-"A transition whose termi-
nating state is more negative than its originating state. The
endpoints of the negative-going transition are the last exit
of the waveform from the higher state boundary and the
first entry of the waveform into the lower state boundary."
Positive-going transition is similarly defined. It is important to
define negative-going transitions because of the confusion in
how to describe waveforms that start at some level and then

transition to a more negative level, where both of these levels
must correspond to a state occurrence.
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Fig. 2. Positive pulse w<lveform.

III. BASIC WAVEFORMPARAMETERS

The basic waveform parameters are fundamental to the de-
scription, discussion, and computation of all other waveform
parameters. The basic waveform parameters do not require the
definition or computation of other parameters, except for refer-
ence level instant. The Standard requires that the user specify the
computation method used if more than one method is allowed,
such as for states. Similarly, if more than one option is allowed
for a given computational method, the user must specify the op-
tion used, such as using the 20% and 80% reference levels to
compute transition duration instead of using the 10% and 90%
reference levels. Reference level will be discussed in this sec-
tion and transition duration in Section IV.

State-"A particular level or, when applicable, a level
with an associated upper and lower state boundary. Unless
otherwise specified, multiple states are ordered from the most
negative level to the most positive level, and the state levels
are not allowed to overlap. The most negative state is called
state 1. The most positive state is called state n. The states are
denoted by sl1 82,' . . , Sn; the state levels are denoted by
level( sd, level( 82)," . , level(sn); the upper state boundaries
are denoted by upper(sI), upper(s2),"', upper(sn);
and the lower state boundaries are denoted by
lower(sd, lower(s2),' .., lower(8n). States, levels, and state
boundaries are defmed' to accommodate pulse metrology
and digital applications. In pulse metrology, the levels of a

waveform are measured and states (with or without associated
state boundaries) are then associated with those levels. In
digital applications, states are defined (with state boundaries)
and the waveform values are determined to either lie within a
state or not." This term is important because all level (voltage,
current, etc.)-related parameters, such as amplitude, overshoot,
and undershoot, are based on the states of a waveform. A state
is a nominally constant-valued- region of the waveform. In
the withdrawn standards, the word line was used to describe
the value corresponding to these nominally constant-valued
regions of a waveform. Terms such as topline and bm;eline (or
bottom line) were used. However, line is a graphical description
and not an appropriate term for electronic computation of
waveform parameters or for describing the output of a physical
device. The term presented in the Standard is state. State is
also consistent with the description of constant-valued currents
or voltages from the output of actual electronic devices. States
are numbered starting at the most negative and ending at the
most positive and -aredesignated by 81182, . . . , 8n,where8n is
the most positive state and 81 is the most negative state for
an n-state waveform. For example, the waveform shown in
Fig. I is a two-state waveform. Each state has an associated
level that describes the value (number with units) for that
state. For example, the two-state waveform in Fig. 1 can have
81 = 0 V and 82 = 0.25 V. Associated with a state are upper
and lower boundaries, and a waveform is said to be in this state
if its values are within these boundaries for a user-specified
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duration. The difference between the upper boundary and
lower boundaries can be different for each state.

The Standard provides and/or identifies several methods for
determining the levels associated with a state. These methods in-
clude those based on histogram methods (three are described),
the extreme waveform values, the final and initial waveform
values, user-defined values (which should be based on the user's
knowledge of the device under test), static levels (if the pulse
source can also output dc values to the same connector from
which comes the output pulse), and auxiliary waveforms (in the
case where there is insufficient data in one waveform to com-

pute all the desired waveform parameters). The histogram tech-
. niques may use different bin sizes, and the user may select if

the histogram modes, means, or medians will be used. The ef-
fect of different histogram implementations have been described
elsewhere [7]. This study [7] does show that only for patholog-
ical cases will there be a noticeable difference among the results
from the different methods.

High and Low State-"Unless otherwise specified, the high
state of a waveform is the most positive state within the wave-
form epoch. For waveforms with exactly two states, such as the
single transition waveform, the terms low state and high state
may be used in lieu of the terms state I and state 2, respec-
tively." Low stale is similarly defined. The high and low states
of a waveform are necessary for the computation of waveform
amplitude and all other waveform parameters that require wave-
form amplitude in their computation.

The determination of high and low state is done by identifying
which state is the most negative and most positive out of all the
possible states. As mentioned in the previous paragraph, there
are several methods for identifying the states of a waveform, and
the method used m~st be specified by the user.

State Boundaries-''The upper and lower limits of the states
of a waveform. All values of a wavefonn that are within the
boundaries of a given state are said to be in that state. The
state boundaries are defined by the user." The boundaries of a
state are necessary because these define the limits on the wave-
form values outside of which, if the waveform values exist, con-
stitute aberration or similar waveform error. The state bound-
aries define the limits of the aberration regions (described sub-
sequently), which are used in the computation of overshoot and
undershoot (also described subsequently).

State Occurrence-"A contiguous region of a waveform
that is bounded by the upper and lower state boundaries of
a state, and whose duration equals or exceeds the specified
minimum duration for state attainment. The state occurrence

consists of the entire portion of the waveform that remains
within the boundaries of that state. State occurrences are

numbered as ordered pairs (8,11,),where 8 is the number of the
state, and 11,is the number of the occurrence of that particular
state within the waveform epoch. In a given waveform epoch,
when the waveform first enters a state 81, that state occurrence
is (8}, 1). If and when the waveform exits that state, that state
occurrence is over. If and when the waveform next enters and
remains in state 8}, that state occurrence would be labeled (8},
2), and so on. Thus, the state occurrences for a single pulse,
as shown in Figure [2], are (81, 1), (82, 1), (81, 2). Note that a
waveform can exit one state occurrence without (necessarily)

immediately entering another state occurrence, that is, the
waveform state between state occurrences can be undefined

for some time interval, for example, during transitions and in
the case of transients (such as, runt pulses)." The definition
of a pulse waveform requires that t~e pulse waveform meet
certain requirements. One of these requirements is that the
pulse waveform attains certain states and another is that the
waveform remains in each of those states for a certain duration.

Stale occurrence refers to a contiguous region of a waveform
wherein its values are within the boundaries of that state. A
waveform is in a state for all instants for which the waveform is
within the boundaries of that state. A state occurrence, however,
requires that the waveform stay within the boundaries of that
state for a minimum duration. This duration is defined by the
user. Durations of a state less than this user-specified value are
not considered state occurrences. The waveform enters and

exits a state by crossing the state boundary. For example, if the
waveform values are approaching a state from more negative
values than that of the state. level, once the waveform crosses
the lower state boundary, the waveform is said to be in that
state. Once the waveform exits that state by either taking on
values more negative than the lower state boundary or more
positive than the upper state boundary, the waveform is no
longer in that state. This term is useful for differentiating runts
and glitches from rectangular pulses in a waveform.

Reference Level-"A user-specified level that extends
through all instants of the waveform epoch. [Mesial, proximal,
and distal lines are deprecated terms because (1) line refers .to
consideration of and computations using a pictorial waveform
representation whereas waveforms today are primarily stored in
digital waveform representations and computation and viewing
are done using a computer; (2) the terms mesial, proximal, and
distal refer to user-defined reference levels and it is not neces-

sary to have redundant definitions for these reference levels; (3)
the terms proximal and distal cannot be used unambiguously
to describe lines or points on either side of a transition of
a step-like waveform because they depend on whether the
step-like waveform is for a positive pulse or a negative pulse. In
other words, for (3), the proximal line and points if referenced
to the 10% reference level will appear to the left of a transition
for a positive pulse and to the right for a negative pulse.]"
These are user-specified levels that are constant throughout
the waveform epoch and are specified using the same unit of
measure that is assigned to a state. Reference level is usually
expressed as a percent reference level, which is shown next.

Percent Reference Level-"A reference level specified by

x
)Yx% = YO%+ 100 (YlOO%- YO%

where 0% < x < 100%, YO%=level of low state, YlOO%=
level of high state, and YO%,Y100%,and Y;r:%are all in the same
unit of measurement. Commonly used reference levels are 0%,
10%,50%,90%, and 100% (see Figs. 1-3)." Reference ampli-
tude values were called reference lines in the withdrawn stan-
dards, such as the 10% reference line. Again this is a graphical
representation and not representative of a physical device. The
Standard uses the term percent reference level, and this value
is referenced to the amplitude of the waveform (the same way
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Fig. 3. Negative-going transition.

reference line was referenced to the waveform amplitude). Sim-
ilarly, it was necessary to redefine the instants that the wave-
form crosses the reference levels. The withdrawn standard used

the term point, which again is a graphical representation. The
Standard uses reference level instant, which will be mentioned
subsequently. The usage presented in the Standard unambigu-
ously ties the reference level to its occurrence

Reference Level Instant-"An illSfant at which the wave-

fonn intersects a specified reference level." This term describes
the instant of occurrence for any user-specified level in the
waveform. This is the most fundamental parameter for all
other time parameters,. such as pulse duration and transition
duration. .

Post-Transition Aberration Region-''The interval be-
tween a user-specified instant and a fixed instant, where the
fixed instant is the first sampling instant succeeding the 50%
reference level instant when the waveform value is within the

state boundaries of the state succeeding the 50% reference
level instant. The user-specified instant occurs after the fixed
instant and is typically equal to the fixed instant plus three
times the transition duration." A similar definition exists for
the pretransition aberration region. Overshoot and undershoot
are a type of aberration that are commonly quoted in product
specifications or used to discuss the quality of a pulse. SCOPT
defmed regions in the waveform in which aberrations would
be defined as overshoot and undershoot. Consequently, a
single-transition waveform may exhibit four of these special
aberrations, pretransition overshoot, pretransition undershoot,
post-transition overshoot, and post-transition undershoot.

1213

Transition Duration

IV. FREQUENTLY MEASURED WAVEFORM PARAMETERS

The following parameters are the waveform parameters most
commonly quoted or specified by manufacturers to describe
their equipment, most commonly used to describe and com-
pare instrument performance, and most frequently measured.
The following algorithms are abbreviated versions of the algo-
rithms given in IEEE Standard 181-2003.

Waveform Amplitude-''The difference between the levels
of two different states .of a waveform." The Standard contains
two subordinate definitions: one for signed waveform amplitude
and the other for unsigned waveform amplitude. The latter is the
absolute value of the former. The amplitude of a waveform is the
waveform parameter from which all other level parameters are
computed and from which most time parameters are computed.

Algorithm for signed waveform amplitude
(1) Determine 81 and 82 using a method

described in Clause 5.2 of the
Standard.

(2) The waveform amplitude A is the
difference between level(s2)and level(s1)'
(2.1) For positive-going transitions,

A is given by

A = level(s2) -level(sd.

(2.2) For negative-going transitions,
A is given by

A =level(81) -level(s2)'
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This is the difference between the level occuring later in time
and the level occuring earlier in time.

Waveform Aberration-''The algebraic difference in
waveform values between all corresponding instants in time
of a waveform and a reference waveform in a specified wave-
form epoch." Aberrations are ubiquitous waveform features
that heretofore have not had a well-defined method for their

calculation. Although the reference waveform used here is a
ramp-type waveform, the user 'has the option of selecting or
defining a different reference waveform.

Algorithm
(1) Calculate the x1% and x2% reference
levels as described in Clause 5.3.2. Typ-
ically used reference levels are the 10%
and 90% reference levels.

(2) Calculate the reference level in-

stants, td% and t~2%' as described in
Clause 5.3.3, for the reference levels
determined in Step (1).
(3) Determine the pre-transition aberra-
tion region and post-transition aberration
region as described in Clause 5.3.5 and
exclude those regions in the calculation
of waveform aberration.

(4) Calculate the trapezoidal reference
waveform, r(t),unless otherwise specified,
as the reference waveform for calculating
waveform aberrations.

(4.1) Calculate the slope through the ref-
erence levels and reference level instants

of the waveform using

S = (Yx2% - YX1% ).
t:r.2%- tx1%

(4.2) Calculate the reference level in-

stants, to% and tlOO% that will be used to
generate r(t) in Step (5).
(4.2.1) The reference levels and their as-
sociated reference level instants of the
reference waveform should be chosen such

that the slope of the line through these
points is a close fit to the corresponding
waveform values.

(4.2.2) Compute the tlOO%reference level
instant using

level(s2) - Yx2%

tlOO%= tx2%+ S .
(4.2.3) Compute the to% reference level
instant using

t - t level(sd - Y:d%
0% - d% + - .

(5) Generate the trapezoidalreference
waveform, r(t),using

{

YO%'

r(tn) = SUn - to%)+ YO%,
YIOO%,

for tn < to%
for to%::; tn ::; tlOO%
for tn > tlOO%.

(6) The waveform aberrations are calcu-

lated as the maximum positive and negative
deviation of the measured waveform from

the reference waveform and are presented
as a percentage of the waveform amplitude.

Calculate waveform aberration using

!
(max{YIt - 7.(tn)}Tab)100%

lVa = . YlOO%- YO%

(IlllIl{Yn - r(tnHTab )100%.
YlOO%- YO%

where Tab is the interval over which the
waveform aberration is being calculated
and n is the discrete time index of the

waveform.

Transition Occurrence Instant-"The first 50% reference

level instant (see Clause 5.3.3.1), unless otherwise specified, on
the transition of a step-like waveform" (see Figs. 1-3). These
are the instants in the waveform at which the transitions are
referenced. This parameter is necessary, for example, for deter-
mining pulse duration and transition duration.

Algorithm
(1) Calculate the reference levels as de-
scribed in Clause 5.3.2.
(2) Calculate the reference level instant

for Y:r.% using linear interpolation

(tx%+ - tx%- )( )t:r.%= t:r.%-+ Vx%- Vx%- .
Y~%+ - Y~%-

where t~%_ and tx%+ are two consecu-
tive sampling instants corresponding to
data nearest in value to Yx% such that
Yx%- ::; Yx% :::; Yx%+' If thereis more than
one reference level instant, the reference
level instant closest to the 50% refer-
ence level instant (see Clause 5.3.3.1) is
used, unless otherwise specified.

Overshoot and Undershoot-Overshoot-"A waveform

aberration within a post- or pre-transition aberration region
that is greater than the upper state boundary for the associated
state leve1." Undershoot-"A waveform aberration within a

post- or pre-transition aberration region that is less than the
lower state boundary for the associated state level. [Preshoot
is a deprecated. term because 'pre' is a temporal prefix and
'shoot,' in this context, refers to a level parameter.]" Overshoot
and undershoot are ambiguous terms. Undershoot is often
called preshoot, which is describing an amplitude in terms
of time. Overshoot and undershoot are often interchanged
when discussing the aberrations immediately preceding or
succeeding a negative-going transition. The Standard elimi-
nates this ambiguity by specifying whether the overshoot and
undershoot occur before or after a transition. Accordingly, there
are four possible terms, pretransition overshoot, pretransition
undershoot, post-transition overshoot, and post-transition
undershoot Overshootand undershoothave historicallybeen
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the most often quoted waveform aberration. Computing the
post-transition overshoot as the maximum error regardless of
when that error occurs relative to the transition is not consistent

with typical usage in which overshoot is restricted to a region
near the transition. To be consistent with the present use of
the terms overshoot and undershoot, the waveform around the
transition is separated into pretransition and post-transition
aberration regions. The duration of these regions equals three
times the transition duration, unless otherwise indicated. For
the pretransition aberration region, the interval starts at the 10%
reference level instant and extends toward the initial instant

(the first time of the waveform epoch). For the post-transition
aberration region, the interval starts at the 90% reference level
instant and extends toward the final instant (the last time of the
waveform epoch).

Algorithm

(1) Determine level(SI) and level (S2) us ing
a method described in Clause 5.2 of the
Standard and define the upper boundary
and lower boundary for the states corre-
sponding to these levels. .

(2) Determine the maximum and minimum

waveformvalues,Ymax and Ymil1'
(3) Calculate the waveform amplitude A as
described in Clause 5.3.1.

(4) Calculate the x1% and x2% reference
levels and the 50% reference level as de-

scribed in Clause 5.3.2. Typically used
reference levels are the 10% and 90% ref-
erence levels.
(5) Calculate the reference level in-

stants, t,d%' tsO%and t;c2%'as described
in Clause 5.3.3, for the reference levels

determined in Step (4).
(6) Calculate the transition duration, for
the reference level instants determined in

Step (5), as described in Clause 5.3.4.
(7) Calculate the overshoot and undershoot
in the pretransition aberration region.

(7.1)Calculate the last instant ~re

that occurs before tsO% when thewaveform
exits the upper (lower) state boundary
of the low state (high state) for a pos-
itive-going (negative-going) transition
using the method described in Clause
5.3.3.

(7.2) Define th~ pretransition aberration
regionas that betweentpre - 3tlO%-90%and
tpre(or as determined by the user) .
(7.3) Search the pretransition aberration

region for the maximum value Ymax,pre and
the minimum value Ymil1,pre' Ymax,pre is the
maximum Yi in the pretransition aberration

region and Ymin,pre is the minimum Yi in the
pre-transition aberration region.

(7.4) If Ymax,pre is equal to or less than
the upper state boundary of 81 (82) for a
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positive-going (negative-going) transi-
tion, then the overshoot in the pretransi-

tion aberration region Op~ is zero; oth-
erwise, compute the percentage overshoot
in the pretransition aberration region
using

O (al)- Ymi.l..",prc -lcvel(sk) 10001
pre 10 - IAI 10

where level(sk) = level(sI) for a positive-going
transition and level(sk)= lcvel(s2) for a nega-
tive-going transition.

(7 .5) If Ymin,prcis equal to or greater
than the lower statE;! boundary 81 (82) for
a positive-going (negative-going) tran-
sition, then the undershoot in the pre-

transitionaberrationregionUpre is zero;
otherwise, compute the percentage un-
dershoot in the pretransition aberration
region using:

U (at
) = level(sk) - Ymill,prc 100°1

pre 10 IAI 10.

(8) Calculatethe overshoot and undershoot
in the post-transition aberration region.

(8.1) Calculate the first instant tpost

that occursaftertsO%when the waveform
enters the lower (upper) state boundary
of the high state (low state) for a pos-
itive-going (negative-going) transition
using the method described in Clause
5.3.3.

(8.2) Define the post-transition aber-

ration region as that between tpoot and

tpost + 3tlO%-90% (or as determined by the
us er) .

(8.3) Search the post-transition aberra-

tionregionfor the maximum value Ymax,post
and the minimum value Ymil1,post. Ymax,pootis
the maximum Yi in the post-transition
aberrationregion and Ymin,post is the min-
imum ~ in the post-transition aberration
region. .

(8.4) If Ymax,post is equal to or less than
the upper state boundary of S2 (sd for a
positive-going (negative-going) transi-
tion, then the overshoot in the post-tran-

sitionaberrationregionOpost is zero;
otherwise, compute the ,percentage over-
shoot in the post-transition aberration
region using .

O (
IJI

) = Ymax,post- level(sk) 1001J1

p05t 70 IAI 70.

(8.5) If Ymill,post is equal to or greater
than the lower state boundary s2 (81)
for a positive-going (negative-going)
transition, then the undershoot in the

post-transitionaberration region Up~t is
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zero; otherwise, compute the percentage
undershoot in the post-transition aberra-
tion region using

TT
(

O~ ) _ level(sk) - Ymin,post 100 o~

V post. 10 - IAI 10.

Pulse Duration [Width, Pulse]-"The difference between
the first and second transition occurrence instants (see Fig. 2).
[Pulse Width, full width at half maximum (FWHM), and half
width at half maximum (HWHM) are, in general, deprecated
terms because width is a word that denotes a spatial parameter
whereas the parameter of interest is time. However, in some ap-
plications it may be desired to discuss the spatial location of a
propagating pulse and its spatial distribution, i.e., pulse width in
matter or space. FWHM, HWHM, and full duration at half max-
imum (FDHM) are deprecated terms because of the reference to
the maximum value of the waveform, where the waveform am-
plitude may be either positive or negative and the waveform may
contain noise.]" After transition duration, this is the most com-
monly referenced, quoted, and measured waveform parameter.

Algorithm
(1) Select a waveform epoch or subepoch
that contains exactly one pulse waveform.
(2) Select the x% reference level. Typi-
cally the Y50% is used.
(3) Calculate the reference level in-

stant t1,x% for the x% reference level in
accordance with Clause 5.3.3 for the posi-
tive-going (negative-going) transition of
the waveform selected in Step (1).
(4) Calculate the reference level in-

stant t2.x% for the x% reference level in
accordance with Clause 5.3.3 for the nega-
tive-going (positive-going) transition of
the waveform used in Step (3) above.
(5) The pulse duration Tp is the absolute
value of the difference between the refer-

ence level instants found in Steps (3) and
(4):

Tp = It2,z%- h,z%l.

Transition Duration [Risetime, Falltime, Leading Edge,
Rising Edge, Trailing Edge, Falling Edge, Time, Transi-
tion]-"The difference between the two reference level instants
of the same transition (see Figs. 1 and 3). Unless otherwise
specified, the two reference levels are the 10% and 90%
reference levels. [The terms risetime, falltime, and transition
time, although widely used, are deprecated because they are
ambiguous and confusing. First, the use of the word time in
this standard refers exclusively to an instant and not an interval.
Also, if the fIrst transition of a waveform within a waveform
epoch happens to be a negative transition, some users may refer
to its transition duration as its risetime, and some others may
refer to its transition duration as its falltime. If the use of these

deprecated terms is required, then risetime is synonymous
with the transition duration of a positive-going transition, and
falltime is synonymous with the transition duration of a nega-
tive-going transition. If the upper and lower state boundaries
of the two states are not the user-defined reference levels

(for example, the 10% and 90% reference levels), then the
duration of a transition is not equal to the transition duration.]"
This is the most commonly quoted, referenced, and measured
waveform parameter. The bandwidth of an instrument is often
approximated by BW ~ 0.35jtd, where BW is bandwidth and
td is transition duration.

Algorithm
(1) Calculate the reference level instant

~l% for the xl% reference level in accor-
dance with Clause 5.3.3 that is nearest
to the 50% reference level instant, unless

otherwise specified.
(2) Calculate the reference level instant

~2% for the x2% reference level in accor-
dance with Clause 5.3.3 that is nearest

to the 50% reference level instant, unless

otherwise specified.
(3).Calculate the transition duration

tx1%-x2%

tx1%-x2% = Itx1%- tx2%1.

Transition Settling Duration-"The time interval between
the 50% reference level instant, unless otherwise specified, and
the fInal instant the waveform crosses the state boundary of a
specified state in it') approach to that state. [The term settling
time is a deprecated term because the word time in this standard
refers exclusively to an instant and not an interval.]" This is a
commonly quoted parameter describing how quickly a pulse of
a generator or the step response of a measurement instrument
will settle to some nominally steady-state value.

Algorithm
(1) Calculate the 50% reference level, as
described in Clause 5.3.2.

(2) Calculate the 50% reference level in-
stant as described in Clause 5.3.3.

(3) Specify the state boundaries of the
specified state (usually state 2).
(4) Determine the instant at which the
waveform enters and subsequently remains
within the specified state boundary.
(4.1) Starting at the end of the waveform
epoch, check each waveform value against
the specified state boundaries.
(4.2) Record the sampling instant of the
first waveform value encountered that is

found outside the state boundary.
(4.3) Calculate the instant that the wave-
form crosses the state boundary using the
method describedin Clause 5.3.3.
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(5) Calculate the transition settling du-

ration by finding the difference between
the instant determined in Step (4.3) and
the 50% reference level instant determined

in Step (2).

Transition Settling Error-''The maximum error between
the waveform value and a specified reference level within a user-
specified interval of the waveform epoch. The interval starts
at a user-specified instant relative to the 50% reference level
instant." This is a less commonly used parameter than transi-
tion settling duration to describe how well a pulse of a gen-
erator or the step response of a measurement instrument will
settle t? some nominally steady-state value. The distinction is
that this parameter determines the error within a given interval,
whereas transition settling duration determines the instant when
the waveform values are not within state boundaries. Waveform
recorders frequently specify a maximum settling error within
different time intervals from a reference instant.

Algorithm
(1) Calculate the 50% reference level in-
stant as described in Clause 5.3.3.1.

(2) Specify which state level, level(sl) or
level(s2)'will be used to compute the tran-
sition settling error.
(3) Specify the instant ts and corre-
sponding waveform sample index is at which
the interval over which the transition

settling error is to be determined starts.

(4) Specify the instant tf and corre-
sponding waveform sample index if at which
the interval over which the transition

settling error is to be determined ends.
(5) Determine transition settling error

Esettling using .

E . _
{ I

Yi - level (8 k)

I }
. <. < .

setthng - max level(82)-level(sl) , ts - t - tf

where k = 1 or 2, depending on whether the

state level selected inStep (2) was S1 or
82.

V. FuTURE FOR THE IEEE STD-18 1-2003

The Std-18l-2003 reflects terminology and analyzes for
pulse measurements and metrology, which is often applied
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to state-of-the-art technologies. The purpose' of SCOPT is
to ensure Std-181 contains pertinent and useful information.
Std-181 must be reballoted every five years to remain active.
If you are interested in participating in the development of
the Std-181, please contact the IEEE TC-lO Chairman, cur-
rently Thomas Linnenbrink (e-mail: linnenbrink@qdot.com).
or the SCOPT Chairman, currently Nick Paulter (e-mail:
nicholas.paulter@nist.gov).

VI. SUMMARY

Std-181-2003 is a standard on pulse techniques and defini-
tions that replaces the withdrawn standards IEEE-Std-181-1977
and Std-194-1977. The major improvement in the new stan-
dard has been in the clarification and updating of the definitions
section and the addition of algorithms for extracting waveform
parameters.
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